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ABSTRACT 


A 100 kWt cesium -lithium test loop was fabricated of niobium-1% 
zirconium for experiments on erosion and two-phase system operation at 
temperatures of 980 °C and velocities of 150 m/s. Although operated at 
design temperature for 100 hours, flow instabilities in the two-phase sepa- 
rator interfered with the achievement of the desired mass flow rates. A 
modified separator was fabricated and installed in the loop to alleviate this 
problem. Because of program cancellation, the test system has been placed 
in standby condition for storage. This report documents the test system. 


JPL Technical Memorandum 33-633 



I. INTRODUCTION 


Power generation for advanced space missions and central station 
power by a liquid metal magnetohydrodynamic cycle has been studied exten- 
sively (Refs. 1-4). A promising system for power levels above about 100 kWe 
is based on the two-component separator cycle using lithium and cesium as 
working fluids (Refs. 5 and 6). Cesium is mixed with lithium at high temper- 
ature at the inlet of a nozzle as shown in Fig. 1. The cesium vaporizes and 
the mixture is accelerated in the nozzle to high velocity. Impingement on an 
inclined surface produces a low-void fraction stream that is predominantly 
liquid lithium. This stream is decelerated in an MHD generator, producing 
electric power, and is subsequently returned by its remaining kinetic energy 
through the heat source to the nozzle inlet. The other flow leaving the sepa- 
rator is a high-void fraction stream that consists of cesium vapor with carry- 
over of liquid and vaporous lithium. This mixture is condensed and returned 
by a pump to the nozzle inlet. 

The characteristics of this system have been partially determined by 
analysis (Ref. 6), by component experiments using ambient water-nitrogen, 
NaK, and NaK-nitrogen mixtures (Refs. 7 and 8), in system experiments with 
water-nitrogen and NaK-nitrogen mixtures (Ref. 8), and through high-tem- 
perature, corrosion-erosion experiments with lithium (Refs, 9 and 10). 
However, information on the following subjects requires testing with cesium 
and lithium at the peak system temperatures: 

(1) Erosion of surfaces by lithium impingement at the design velocity 
of 150 m/ s. 

( 2 ) Performance of a two-phase nozzle with a cesium- lithium mix- 
ture. 

(3) Condensation characteristics of cesium- lithium mixtures. 
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(4) Nonequilibrium behavior of cesium- lithium flows where solution 
or dissolution are occurring. 

In order to investigate these subjects a flow system was fabricated from 
niobium-1 % zirconium alloy to operate with cesium- lithium at a peak temper- 
ature of 980 °C, Erosion can be determined by measuring the depth of attack 
or deposit on a wedge with an optically flat surface which was located in the 
flow stream at the nozzle exit. Nozzle performance can be derived from the 
measured thrust produced by the flow on a target cone which was designed to 
turn the flow by 90 deg. Cesium condensation coefficients can be determined 
by measurements on the Na.K-cooled compact condenser. Nonequilibrium 
behavior would be inferred by deviations from the thermodynamic cycle 
calculations. 

The test system was operated with simultaneous cesium and lithium 
flow at the design temperature of 980 °C for about 100 hours. Figure 2 is a 
photograph of operation at high temperature and low flow rates. Flow insta- 
bility prevented attainment of the design mass flow rates and impingement 
velocities. Modifications to the separator component to eliminate the insta- 
bility were nearly completed when the NASA liquid metal MHD project was 
cancelled. The test system has been placed in a standby condition pending 
further investigations oriented toward commercial power generation. 

Appendixes A, B, C, and D present, respectively, loop operating 
procedures, test system schematics, fabrication drawings of the test sys- 
tem, and loop operating characteristics. 

II. DESCRIPTION OF TEST SYSTEM 

The two-component liquid metal MHD system being studied and the 
Cs-Li test system are most closely related to the Rankine cycle. The flow 
paths and processes can be illustrated by reference to Fig. 3, which is a 
schematic of the liquid metal circuits of the test system. Lithium is heated 
to the maximum temperature in the heater component and flows to the nozzle, 
where it is injected at point 1. 

Cesium liquid is also injected in the nozzle at point 2. Part of the 
cesium vaporizes and the remainder goes into solution with the lithium, 
which remains mostly in the liquid state. The cesium vapor is accelerated 
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to high velocity and low pressure in the nozzle. As the pressure decreases, 
more cesium comes out of solution and vaporizes. Shear and pressure 
forces resulting from the expanding cesium vapor cause breakup and acceler- 
ation of the lithium droplets to high velocity. The mixture impinges on the 
target and on a mesh separator within the receiver component. The lithium 
pump increases the pressure to the maximum of the cycle and returns the 
flow to the heater. The cesium vapor leaves the receiver vessel and flows 
to the desuperheater. Subcooled liquid cesium is injected at that point to 
reduce the cesium vapor (which is highly superheated) to the saturated state. 
The vapor then enters the condenser, where the heat of vaporization is re- 
moved by flowing NaK, is condensed, and returns to the cesium pump. The 
pump pressurizes the cesium and returns it to the nozzle and through a 
cooler to the desuperheater. 

Figure 4 is a photograph of the cesium and lithium circuits prior to 
testing. All components and piping were fabricated from Nb-l%Zr. All 
weldments were performed in a high-purity argon atmosphere. This part of 

the test system was mounted on the door of a getter -ion pumped vacuum 

-7 

chamber which was operated in the 10 torr range to protect the refractory 
metals from oxidation during high-temperature operation. Description of the 
test system components and their performance is summarized below. 

A. T^wo-Phase Nozzle 

The two-phase nozzle for the test system was designed to provide 
cesium and lithium flow over a range of conditions. The design pressure 
gradient was established from the pressure variation measured on a larger 
nozzle, using water -nitrogen and freon-water flows. This gradient was used 
in the two-phase, two-component nozzle program to calculate the contour. 
The resulting geometry is summarized in Fig, 5. Figure 6 is a photograph 
of the nozzle prior to final welding. 

The nozzle was calibrated with water and nitrogen to compare the exit 
velocity with that calculated by the computer program. The test setup is 
given in Fig. 7. As shown in Fig. 8, the agreement between the calculated 
and measured exit velocity was quite good. The computer program was 
then used to calculate the nozzle flow rates as a function of inlet temperature 
and mass ratio with the result shown in Fig, 9. At saturated Cs vapor con- 
ditions at the inlet, there is a unique relation between the cesium and 
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lithium flow rates. The information from Fig. 9 was used to determine the 
flow rates and operating conditions of the test system for the desired values 
of mass ratio and nozzle inlet temperature. 

B. Thrust Target and Separator 

The relation of the nozzle and thrust target is given by Fig. 10. The 
two-phase lithium - c e s ium flow impinging on the thrust target is turned by 
90 deg. The thrust produced is transmitted through a stainless-steel bellows 
which is joined to the Nb-l%Zr alloy by a coextruded joint. The measured 
thrust thus provides an indication of the nozzle exit velocity. The separated 
lithium falls to the bottom of the separator and is returned to the lithium 
pump. The cesium vapor is separated from the lithium by a mesh-type 
separator and flows to the desuperheater. 

The thrust target with the erosion specimen mounted in place is shown 
in Figs. 11 and 12. The erosion specimen is an optically flat wedge which 
extends beyond the nozzle exit diameter. Erosion depth was to have been 
measured with a traversing microscope as was done on a previous test 
(Ref. 10). The basic wedge is Nb-l%Zr alloy; the insert, which was electron- 
beam-welded to the Nb-l%Zr, is T-lll alloy. 

Figure 13 shows the thrust target mounted in the separator body. The 
Nb-l%Zr mesh was wrapped on the outside of the perforated annulus as 
shown in the assembly drawing of Fig. 14. 

The entire unit was assembled and tested with water-nitrogen flows. 

The thrust measured by the thrust target agreed to within ±5% with the values 
measured for the nozzle alone. The nozzle exit velocity was varied from 
90 to 155 m/s for these measurements. Liquid carryover in the gas exit 
ranged from 2-7% of the primary liquid flowrate, acceptable values for the 
high-temperature flow system. Complete separation of gas from the liquid 
outlet flow was made possible by adding baffles, as shown in Fig. 15. How- 
ever, these same baffles resulted in excessive lithium holdup during the 
lithium-cesium tests. 

In order to eliminate this holdup problem a cyclone separator was 
designed for the lithium- cesium test system. A model was tested (Fig. 16) 
with water and nitrogen with a liquid carryover in the gas outlet of less than 
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0. 1% and gas-free flow at the liquid outlet. Figure 17 shows the cyclone 
separator fabricated of Nb-l%Zr ready for installation in the test system. 

C. Lithium Pump 

The lithium pump is a helical induction electromagnetic pump. The 
pumping element shown in Fig. 18 is a Nb-l%Zr structure that fits within a 
stainless-steel, thermally-insulated sleeve. The electromagnetic body 
forces are supplied through the stainless -steel sleeve by an air-cooled, 
three-phase motor stator shown in Fig. 19. The pump was operated for 
more than 1000 h at temperatures exceeding 1000°C and for more than 
4000 h above 650 °C. 

The calculated performance curve is given in Fig. 20. Previous tests 
with lithium flow nozzles at 1100°C gave measured performance data which 
agreed quite closely with the calculated performance (Ref. 9). A serious 
limitation of the pump which became apparent during the testing was the 
tendency of vapor to accumulate within the pump body and cause flow oscil- 
lations. Extensive shakedown testing was required to evolve a startup pro- 
cedure that minimized this problem. Although vapor accumulation was a 
problem, the pump was able to operate with a negative suction head. The 
most successful two-phase startup procedure consisted of injecting cesium 
while the pump operated with lithium flow at 980°C and zero pressure at the 
inlet. 

D, Lithium Heater 

The heater to raise the lithium to the maximum temperature of 980 °C 
consisted of four M cal-rod n type elements welded in a Nb-l%Zr shell. Fig- 
ures 21 and 22 are photographs of this unit before final welding. The heating 
elements are tantalum center conductors with beryllia insulation and swaged 
Nb-l%Zr sheaths. The beryllia was removed to a depth of 6 mm to enable 
the Nb-l%Zr sheaths to be TIG-welded to the Nb-l%Zr shell without degrad- 
ing the ceramic insulation. As shown in Fig. 21, the body and elements are 
curved to provide flexibility to accommodate thermal stresses. The unit 
was operated for over 3000 h, heating lithium at temperatures ranging from 
650-1000°C. After this time a small leak occurred at one of the sheath 
weldments. The leak was repaired and the unit was to have been used on 
succeeding tests. Electron-beam welding of the sheaths rather than TIG 


JPL Technical Memorandum 33-633 



welding would have enabled a greater depth of penetration, which probably 
would have eliminated this problem. 

E. Lithium Flowmeter 

The electromagnetic flowmeters used for the lithium and cesium are 
shown in Fig. 23. The calculated characteristics of the lithium flowmeter 
are given by Fig. 24. Calibration of this flowmeter with 1100 °C lithium flow 
nozzles showed the measured flow to agree to within ±5% of the calculated 
value s. 

F. Cesium Pump 

The cesium pump is of similar construction to the lithium pump. The 
stator is seen in Fig. 19, adjacent to the stator for the lithium pump. The 
flow was controllable with a throttling valve during the periods of operation 
at lower flow rates. Attempts to run the pump at higher pressure rise with a 
low inlet pressure and low flow rate resulted in excessive temperature rise 
and vaporization of the cesium at the pump inlet. A small jet pump was fab- 
ricated which should have eliminated this problem when installed. 

G. Cesium Flowmeter 

The cesium flowmeter of Fig. 23 was used only at very low flow rates. 
The calculated output curve is given in Fig. 25. 

H. Cesium Desuperheater 

The cesium vapor leaving the separator is highly superheated and has a 
very poor heat transfer coefficient. The desuperheater of Fig. 26 was 
designed to lower the temperature to saturated vapor conditions by injection 
of subcooled cesium liquid. The large surface area afforded by the small 
liquid metal droplets more than compensates for the poor coefficients. 

An alternative method to desuperheat the Cs vapor is a heat exchanger 
with large internal surface area. A radiant heat exchanger with internal 
Nb-l%Zr fins was fabricated {Fig. 27) to replace the original desuperheater. 
This would enable the subcooled cesium bypass flow to be used for the 
cesium jet pump discussed previously. 
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I. 


Cesium Condenser 


The condenser for the cesium was constructed of both Nb-l%Zr and 
stainless steel. The niobium alloy is required for the condensing cesium, 
while stainless steel is the material of construction for the NaK cooling sys- 
tem that rejects the latent heat of vaporization from the cesium. 

The condenser assembly is shown in Fig, 28 before welding and in 
Fig. 29 after final assembly. The transition between the stainless -steel tees 
and center section and the niobium end pieces that weld to the Nb-l%Zr 
cesium tubing was achieved by brazing with a cobalt-nickel alloy. The con- 
denser performed satisfactorily at the low Cs vapor flow rates tested. 

J. NaK Heat Rejection Loop 

The NaK heat rejection loop was constructed of type 316 stainless steel. 
NaK flow is produced by an electromagnetic AC conduction pump. The flow 
piping enters the vacuum chamber through a thermal sleeve. The entering 
NaK removes heat from the cesium subcooler and condenser and exits the 
vacuum chamber through another thermal sleeve. It flows through an expan- 
sion tank, heater, and air-blast heat exchanger (to reject the heat) back to 
the pump. The function of the heater was to control the NaK temperature 
during low-load operation and to heat the NaK during purification operations. 
A titanium- zirconium hot trap was provided for initial purification. The heat 
rejection system is shown in Fig. 30 before insulation. 

K. Vacuum Chamber 

The vacuum chamber and getter -ion pump are shown in Fig, 31. The 

chamber is heated so that the temperatures of all liquid metal lines can be 

maintained at at least 200 °C to prevent solidification. All ports have bake- 

able metal seals. The main door seal is Viton-A cooled to less than 100°C. 

- 7 

During testing the chamber operated in the 10 torr range, with the liquid 
metal system at 980°C and the chamber at 250°C. 

L. . Instrumentation and Controls 

Liquid metal pressure was measured directly with bonded strain gage 
transducers. The transducers and pressure lines were maintained at 230°C 
to prevent solidification. Installation of the transducers in the heated en- 
closure is shown in Fig. 32. Valving was provided to enable calibration 
during operation of the test system. 
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Chromel-alumel thermocouples were used for temperature measure- 
ment. Attachment to the Nb-l%Zr piping and components was made by weld 
ing the wires to a tantalum foil which, in turn, was welded to the niobium 
alloy. Only two thermocouples of 53 failed during more than 3000 hours of 
testing. 


All instrumentation readout and control of the loop was accomplished 
remotely. Figure 33 shows the control console and alarm system which was 
used during the test. Schematic diagrams of the instrumentation and control 
circuits are given in Appendix B. 


III. Operating Experience 


The test system was operated for over 3000 h with liquid metal flow to 
determine the proper startup sequencing and flow characteristics with cesium 
and lithium. Achievement of stable flow with both liquid metals was very 
difficult and tedious. For proper functioning with cesium condensation in the 
condenser, no cover gas (argon) could be tolerated. Yet it was found that 
heating the evacuated system from ~200 to ~650°C while lithium was flowing 
always caused argon to evolve from the lithium. Attempts to reduce the 
pressure while circulating lithium produced instabilities and the loss of the 
pumping action unless extremely gradual reductions in pressure were used 
(~0. 1 - 0. 2 atm/ day). Another problem which occurred early in the test 
sequence was lack of control of the cesium flow rate. Attempts to start the 
cesium pump at a low flow rate and without a control valve inevitably re- 
sulted in injection of a cesium flow which was too large for the conditions of 
lithium temperature and flow. The result was entrainment of cesium in the 
lithium circuit and the subsequent loss of the lithium pump due to cesium 
vaporization in the pump. This latter problem was eliminated by installation 
of a valve in the cesium line and an externally controlled cesium injection 
system for startup. 

With these modifications, relatively stable cesium and lithium flow 
was obtained at lower flow rates (~0. 1 kg/s). Attempting to further increase 
the lithium flow resulted in severe flow oscillations, cesium entrainment, 
and loss of the lithium pump. The reason for the flow oscillations is the 
holdup of lithium in the separator because of the baffles which were installed 
after hydraulic testing. Use of the centrifugal separator of Fig. 17 should 
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eliminate this problem and enable the attainment of higher flow rates. Fig- 
ure 34 is a schematic of the test loop as it should appear after the above 
modifications are made. 


IV. SUMMARY 

The cesium- lithium test system proved to be a reliable installation for 
obtaining lithium and cesium flow at 980 °C. However, stability problems 
were encountered as the flow rates were increased above about 0. 1 kg/s. 
Minor modifications to the separator should enable attainment of the 0. 4- 
kg/s design flow rate with stable operation. 
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Fig. 1. Schematic diagram of cesium-lithium 
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Fig. 2. Cesium-lithium erosion loop at 980° C 
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Fig. 3. 100-kW erosion loop liquid metal circuits schematic diagram 
















Fig. 4. Cesium-lithium test circuits before activation 
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Fig. 5. Cesium-lithium nozzle 
geometry 
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Fig. 6. Cesium-lithium nozzle before welding 



Fig. 7. Water-nitrogen test of nozzle for 
cesium-lithium loop 
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Fig. 8. Comparison of experimental and 
theoretical exit velocities for 
cesium-lithium loop nozzle operating 
with nitrogen and water 
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Fig. 10. Nozzle-separator assembly 
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Fig. 12. Erosion specimen mounted 
on thrust target 
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Fig. 13. Thrust target mounted in separator body 
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Fig. 15. Lithium baffles 
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Fig. 16. Two-phase cyclone separator operating with H^O and N 

£ La 
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Fig. 17. Cesium-lithium cyclone separator 
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Fig, 18. Pumping element for 
lithium pump 
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Fig. 19. Helical induction pump stators 
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Fig. 20. Lithium pump characteristic at 980° C 
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Fig. 21. Lithium heater before welding 



Fig. 22. Lithium heater end before welding 
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Fig. 23. Cesium and lithium flowmeters 



Fig. 24. Lithium flowmeter calibration 
(776 gauss) 
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FLOWMETER INDICATION, mV 


Fig, 25, Cesium flowmeter calibration 
(2355 gauss) 
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Fig. 26. Cesium desuperheater 
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Fig. 27. Radiant cesium desuperheater before welding 
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Fig. 28. Cesium condenser before welding 
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Fig. 29- Cesium condenser after welding 



Fig. 30. NaK heat rejection system 
before insulation 


32 


JPL» Technical Memorandum 33-633 




JPL Technical Memorandum 33-633 


33 







Fig. 32. Pressure transducer installation 
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Fig. 34. Modified version of cesium-lithium erosion loop 














APPENDIX A 


LOOP OPERATING PROCEDURES 


The startup and shutdown procedures used for the test loop are sum- 
marized below. The main modification required was installation of a cesium 
injection system and its actuation prior to starting the cesium pump (step 17). 
Full flow (steps 18-22) was not realized because of the problems discussed 
in the text. Values of temperatures, pressures, and flows are given in 
English units since the instrumentation and gauges are all in these units. 
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STARTUP PROCEDURES FOR Cs-Li LOOP 


Startup Step 

1« Evacuate Loop to less than 10 microns by 
opening manual valves HT-1 and HV-1. 
Evacuate chamber to less than 10 microns 
by opening vacuum valve MV-1 to roughing 
manifold- Turn on load cell and O-ring 
cooling air flange, and bus cooling water. 

Turn on makeup air in NaK room. 

2. Turn on the chamber heaters to 5 A in each 
leg. Increase by 5-A steps over 10*12 h 
time until current is 20 A. Continue pump- 
ing until pressure is below 10 microns 
again. Close all transducer valves to loop, 
Backfill with argon to 75 mm. 

3. Start diffusion pump; open to chamber; 
close vacuum valve MV-1 to roughing mani- 
fold, Close manual values HT-1 and HV-1. 

4. Adjust pressure on lithium sump to 15 psig. 
Heat to 500 °F, 

5. Actuate Li pump. Adjust voltage until T-9 
reads 450 b F. Shut off pump. 

6. Open lithium fill valve, V13, slowly. Moni- 
tor TC-3 to determine when receiver is 
filled to proper level. When TC-3 actuates, 
close V13. 

7. Adjust pressure on cesium sump to 15 psig. 
Heat to 200 °F. 

8. Actuate Cs pump. Adjust voltage until T-21 
reads 300°F. Shut off pump, 

9. Open cesium fill valve, VI 5, slowly. Moni- 
tor TCI 6 to determine when cesium leg is 
filled to proper level. Close VI 5 and VI. 

10. Evacuate NaK loop through HV5. Open VS, 
V9, and VI 7; continue evacuation while 
vacuum manifold is <10 microns. Close 
HV5. 

11. Increase the argon on the supply tank to 

8 psig; open the auxiliary drain valves (Vll 
and VI 2), then the main drain valve (V7), 
slowly and only enough to insure flow. It is 
best to fill the system slowly, When the 
liquid level has reached the desired level 
in the expansion tank, close the drain valves 
(V?, Vll, and VI 2), then the heat exchanger 
bypass valve (V5), the exit valve on the 
heat exchanger (V6), the hot trap bypass 
valve (V4), and the Cs-Li loop bypass valve 
(V10), Open the two loop valves V8 and V9. 
Listen for NaK flow in the loop lines. As a 
final step, adjust the level by adding or 
draining NaK to the predetermined level as 
discussed in a previous section. Set the 
pressure at 10 psig on the reservoir and 
supply tank. 

12. Turn the NaK pump power stat up slowly 
until the liquid metal is flowing in the loop. 
Keep a constant watch on the flowmeter. If 
there is no immediate indication of flow, stop 
the pump immediately and determine the 
trouble. 


Values of Key Parameters 

Pressure of chamber — 10'^ torr on multi-torr 
gauge. 


Final chamber temperature « 500 d F. Loop tem- 
perature ~ 450°F. 


Chamber pressure of 10“^ torr. 


Current setting of 5 A on trace heater to obtain 
500 ° F, 

T-9 = 450 °F. 

Li pump voltage ~ 45 V. 

T-3 should raise from 450 to 500°F in 2-3 s when 
lithium is at the proper level. 


Current setting of 3 A on trace heater to obtain 
200 °F. 

T-21 = 300 0 F. 

Cs pump voltage ~ 35 V. 

T-16 should lower from 450 to 200° F in 2-3 s 
when Cs is at the proper level. 

Manifold vacuum should be < 1 0 pm at 4 h. 


Level indicator light on Nak reservoir will change 
from red to yellow at proper level. 


CAUTION: This is a high-capacity pump and 

cannot be operated without flow or liquid metal in 
the pumping section. In the event that there is no 
indication of flow, double-check the electrical 
connection on the flowmeter and pump, all valve 
settings, and the liquid level. If everything 
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STARTUP PROCEDURES FOR Cs -Li LOOP (contd) 


Startup Step 


Values of Key Parameters 


12. {contd) appears in order, try the pump again. Watch for 

a flow indication and also use an ammeter to 
check that the current is flowing to the pump. A 
humming or buzzing sound will be heard if po^er 
is reaching the pump. 


The above instructions may seem rather pessi- 
mistic, but the most important point to remember 
is that power must not be left on this pump for 
more than a few seconds without liquid metal -'V/V 
flowing. 

13. Turn the NaK immersion heater on and set 
the temperature for 650°F. Close the valve 
(V4), isolating the hot trap from the system. 

Do not circulate cold liquid metal through the J 

hot trap. By adjusting the flow through the 
heat exchanger, the de sir ed temperature can 
be reached. 

Once the loop temperature has reached 650 °F, 
operate at this point for an hour to ensure 
that the flowmeter is wet. Set the pump cur- 
rent at 19. 5 A for a flow of 0. 33 lb/s. The 
next step is to raise the loop temperature to 
1 000 ° F. Actuate the cooling blower for the 
pump when the loop temperature exceeds 
85D°F. Circulate at this temperature for a 
period of 24 h to ensure that oxides and im- 
purities are absorbed in the liquid metal. 

Maintain as high flow in the heat exchanger 
as practical in order to ensure that the in- 
sides of these tubes are also cleaned. 

14. Operate the hot trap, starting the flow slowly, 

1/4 - l/2 gpm, through the hot trap by open- 
ing the valve (V4). The flow in the main loop 
should be 1 lb/s through the heat exchanger, 

All portions of the loop must be at a minimum 
of 1000°F while hot trapping to ensure that 
any oxide present is in solution. Maintain the 
temperature at a minimum of 1000°F and the 
flowrate through the loop at some reasonable 
rate (l/Z - 1 Zb/s). The time required to re- 
duce the oxide content to an acceptable level 
is dependent on the quantity present and the 
operating temperature of the hot trap. The 
oxide removal rate is greater at 1200 than 
1000°F. Experience indicates for a system 
of this size that a minimum of 12 h would be 
necessary to initially clean the system. Re- 
duce the heater voltage until the loop temper- 
ature is 800 0 F. 


15. Start Li pump at 25 V. Gradually increase 
until flow rate FI is 0. 3 Ib/s. Start freeze 
stem flow at maximum flow rate. Remove 
insulation from Ei pump duct port and Cs 
pump port. 

16. Actuate LI heater at 200 A. Increase current 
until Li inlet temperature TC-1 is 1200 P F 
(lOO*F/h). 

17. (a) Set Li pump at 90 V. 

(b) Start Li pump blower. 

(c) Start Cs pump at 80 V. 

(d) Actuate Cs pump blower. 

(e) Set heater at 9. 1 V. 


1. 16 mV on FI - 0. 3 lb/s at 500°F. Pump volt 
age ~ 50 V. 


E3 - 2. 25 V at 200 A. 
E3 sj 4. 7 V for 1200°F. 


Cs flow, F2 - 0. 0076 lb/s 
(0. 06 mV) at E2 = 80 V 
Li flow FI = 0. 3 at 90 V 
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STARTUP PROCEDURES FOR Cs-Li LOOP (contd) 


Startup Step 


17. (contd) 

Open valves to transducers. Reduce freeze 
valve flow until T-26 = 450° F. Actuate load 
cell motor until the gap is reduced to 0. 010 
in. 

18. Increase Li inlet temperature in 100°F steps 
by first increasing the heater voltage, then 
the lithium flow, then the cesium flow. Keep 
chamber pressure in the 10“5 range, Actu- 
ate the ion pump when 1800° F is reached and 
pressure is declining. Valve off diffusion 
pump. When the Cs pump temperature TC21 
reaches 1100°F, evacuate Cs expansion tank 
through manual valve HV2, close manual 
valve HT2, open the manual valve VI 8 to the 
expansion tank until the first level thermo- 
couple TC-52 is actuated, close the manual 
valve V18. When Cs temperature TC-21 
reaches 1300°F, drain loop through the Cs 
drain line VIS until the second level thermo- 
couple TC-53 is actuated. 

19. Adjust the separator gap until the NaK outlet 
temperature TC-33 is minimized. Change VI 
until saturated vapor is obtained (compare 
TC14 and Pi 1 ). 

20. Adjust the Li pump and Cs pump, heater and 
NaK temperature until Pi = 137 psla at a 
value of Fl/F2 =10. 

21. Measure nozzle thrust, Vary stem position 
by +0. 010 in. in 0. 002-in. increments to 
determine spring constant. 

22. Freeze stem by increasing the Dowtherm flow 
to the full flow rate. 


Values of Key Parameters 


T1 

El 

E2 

E3 

n 

1300 

no 

100 

11. 2 

0 

1400 

136 

125 

13. 1 

0 

1500 

165 

153 

15. 0 

0 

1600 

198 

186 

17. 0 

0 

1700 

231 

236 

18. 2 

. 81 8 

1800 

279 

293 

21. 2 

. 891 

1700 

233 

226 

13. 8 

.449 

1800 

283 

277 

16. 4 

. 509 


The values under key parameters are for a 
lithium carryover fraction of 0. 05. Different 
values will result in different heater settings to 
attain the required temperatures, 
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VALVE POSITIONS FOR EROSION LOOP STARTUP 

Startup 


Step Valve No. V Valve No. SA Valve No. SV HT HV MV 



1 
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5 6 

7 

8 
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10 
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12 

13 

14 

.15 

16 

17 

18 

19 

1 
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2 
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1 
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1 
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X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

0 

X 
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X 
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NORMAL SHUTDOWN FOR EROSION LOOP 


1 Decrease the Li pump and Cs pump voltages concurrently by 25- "V steps 

until a Li pump flow rate of 0. 3 lb/ s is reached. Reduce flow to freeze 

valve and increase gap to 0. 045 in. 

2. Decrease the Cs pump voltage further until a setting -of 25 V is reached. 

3. Decrease the Li heater power until a lithium inlet temperature of 

1000°F is reached (100° F/hr). 

4. Turn off cesium pump. 

5. Turn off Li heater. 

6. Decrease Li pump voltage by 25 -V increments until it is off. 

7. Turn off NaK flow. 

8 Set Li sump pressure to 5 psig and loop pressure to 15 psig. Open 
SA3 manual valve HT1 and VI 3 to drain lithium. Drain until sump 
pressure rises. Repeat for Cs sump using SA3 manual valve HT1 and 
V15. Close SA3 and drain valves V13 and V15. Evacuate loop through 
SV6 and manual valve HV1. Close SV6 and manual valves HV1 and 
HT1 . 

9. Evacuate both sumps through HV3 and HV4. Close HV3 and HV4. 

10. Heat both sumps to 400 °F. Heat chamber and pumps to 800 °F. Open 
V13 and V15. Monitor fill and dump line temperature TC -43. When 
TC-43 drops to~400°F the loop is drained. Close VI 3 and V15. Turn 
off all heaters. 
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EMERGENCY PROCEDURES FOR EROSION LOOP 


Emergency 

Function 

Location 
of | 

Function 

1 , Liquid metal 
leak in 

a. Turn off Li, Cs, NaK pumps, Li heater, 
ion pump. 

CR 

chamber 

b. Close manual dp valve (if open). 

HB 


c. If O-ring temperature rises to 300 °F, open 
argon flood for chamber, SA-8. 

HB 


d. Increase cooling flow on chamber to limit 
temperature rise. 

HB 


e. If NaK level drops, pressurize NaK reser- 
voir to 10 psig, and drain through V7 to 
NaK sump. Watch chamber pressure. 

CR 


f. Keep system under observation as temper- 
ature cools. 

CR/HB 

2. Liquid metal 
leak in NaK 

a. Turn off Li, Cs, NaK pumps, Li heater, 
bus cooling water. 

CR 

room 

b. Turn off heat exchanger blower and makeup 
air blower. 

CR 


c. Close heat exchanger damper by setting 
controller on 1400°F. 

CR 


d. Pressurize NaK reservoir to 1 0 psig, 
drain through V7 to NaK sump. 

CR 


e. When leak stops, extinguish fire if safe. 

HB 

3. Liquid metal 
leak in door 

a. Turn off Li, Cs, NaK pump, Li heater, 
bus cooling water. 

CR 

area 

b. Turn off heat exchanger blower and makeup 
air blower. 

CR 


c. Close heat exchanger damper by setting 
controller on 1400°F. 

CR 


d. If safe, turn off flange water and trans- 
ducer oven. 

HB 


e. If NaK level drops, pressurize NaK reser- 
voir to 10 psig and drain through V7 to 
NaK sump. 

CR 


f. If leak is from transducer box, valve off 
all transducers, if safe. 

HB 


g. When safe, extinguish fire. 

HB 


CR = control room 
HB = high bay 
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APPENDIX B 


TEST SYSTEM SCHEMATIC DIAGRAMS 

All instrumentation, control, flow, argon and vacuum, and electrical 
schematics for the test system are contained in this appendix (see Figs. B-l 
through B-30) . 

The following manufacturers' manuals are available at the Jet Propul- 
sion Laboratory, care of Section 383 files, Mr. L. H. Huebner. 

1. Technical Manual, Helical Induction Electromagnetic Pump, Model 
5KY414PK1 (Lithium), General Electric Company. 

2. Technical Manual, Helical Induction Electromagnetic Pump, Model 
5KY414PJ1 (Cesium), General Electric Company. 

3. Instruction Manual, TrioVac, 500 liter/ s Triode Ion Pump, Model 
22TP300, General Electric Company. 

4. Instruction Book, Type WSH-Arc Welder, 1000A, Westinghouse 
Electric Company. 

5. Miscellaneous instrumentation and auxiliary component calibration 
sheets and instruction manuals. 
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INSTRUMENTAT I ON FUNCTIONS 


Transducer Connections 



Inside Chamber 

TC Panel 1 


Outside Chamber 

TC Panel 2 

. 1 

Nozzle inlet - lithium 

.1 6 

{ 2 TC -33 

NaK exit piping 

65 t 

X 66 

2 

Nozzle inlet - cesium 

3 

4 

34 

Expansion tank 

67 , 

68 

3 

Receiver lithium fill 

5 

6 

35 

Heater 

69 

70 

4 

Receiver cesium exit 

7 

8 

36 

Hot trap 

71 

72 

5 

Receiver lithium exit 

9 

10 

37 

Hot trap flowmeter 

73 

74 

6 

Lithium pump return line 

11 

12 

38 

Heat exchanger out 

75 

76 

7 

Lithium pump exit 

13 

14 

39 

Main flowmeter 

77 

' 78 

8 

Lithium pump duct A 

15 

16 

40 

Pump outlet 

79 

f 80 

9 

Lithium pump duct 3 

17 

18 

41 

NaK pump windings 

81 

82 

10 

Heater bus A 

19 

20 

42 

Pressure tap lines 

83 

84 

11 

Heater bus B 

21 

22 

43 

Fill and dump lines 

119 

120 

12 

Heater body 

23 

24 

44 

Lithium pump windings 

121 

122 

13 

Lithium flowmeter magnet 

25 

26 

45 

Cesium pump windings 

123 i 

124 

14 

Condenser, cesium inlet 

27 

28 

46 

Transducer oven 

125 

126 

15 

Condenser, cesium exit 

29 

30 

47 

Heater feedthru A 

127 ; 

128 

16 

Condenser, cesium fill 

31 

32 

48 

Heater feedthru B 

129 

130 

17 

Cesium line, cooler to de-sup 

33 

34 

49 

Chamber body 

131 

132 

18 

Cesium pump return line 

35 

36 

50 

Ambient 

133 

134 

19 

Cesium pump exit 

37 

38 

51 

Thermocouple ambient 

135 

136 

20 

Cesium pump duct A 

39 

40 

52 


137 ' 

r 138 

21 

Cesium pump duct B 

41 

42 





22 

Cesium flowmeter magnet 

43 

44 





23 

Receiver level indicator 

45 

46 





24 

Co-extruded joint, pressure taps 

47 

48 





25 

Co-extruded joint, loop vacuum 

49 

50 





26 

Co-extruded joint, load cell stem 

51 

52 





27 

Receiver 

53 

54 





28 

Nozzle inlet lithium 

55 

56 





29 

Nozzle inlet cesium 

57 

58 





30 

Nozzle body 

59 

60 





31 

Sight glass, 3-1/4 in. high 

61 

62 





32 

Sight glass, 4-1/2 in. high 

63 V 64 






Ln 
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Instrumentation Functions 
Transducer Connections (contd) 


Pressure Functions Pressure Panel Amp, Out Connections 


p- 1 

Nozzle, lithium inlet 

i 

to 

amplifier 

105 

& 

106 

2 

Nozzle, cesium inlet 

2 

to 

amplifier 

107 

& 

108 

3 

Receiver pressure 

8 

to 

amp lif ier 

109 

& 

110 

4 

Nozzle tap A 

3 






5 

Nozzle tap B 

4 






6 

Nozzle tap C 

5 






7 

Nozzle tap D 

6 






8 

Nozzle tap S 

7 






9 

Nozzle tap F 

12 






10 

Nozzle tap G 

13 






11 

Condenser cesium inlet 

9 

to 

amplifier 

111 

& 

112 

12 

Cesium pump inlet 

10 






| 13 

NaK bypass 

11 

to 

amplifier 

139 

6e 

140 


Flowmeter Functions Flowmeter and Feed thru 


F-l 

Lithium flow 

85 i 

i 86 

95 i 

Sc 96 

la 

Lithium flow (standby) 

87 

88 

97 

93 

2 

Cesium flow 

89 

90 

99 

100 

Y 2a 

Cesium flow (standby) 

91 

92 

101 

102 



93 

I 94 

103 < 

( 104 

F-3 

Main NaK flow 

113 

114 

(outside) 

F-4 

Hot trap flow 

115 

! 116 

(outside) 

F-5 

NaK bypass f low 

117 N 

f 118 

(outside) 
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Instrumentation Functions 


Meter - Relays 


Cable No. 

7,1, 

to Main Control 

Panel (CBA) 

Meter No. 

Cable No. 

. 71 

to 

Control lers 

Controller No. 

Subcable 

1 

AK 

27 

< 

ic 

28 

1 

Subcable 

22 

Cl 

69 & 70 

22 

1 

i 

2 

AM 

1 



2 

2 

Subcable 

23 

C2 

75 & 76 

23 



3 

AP 

3 


1 

4 

3 

Subcable 

24 

C3 

125 & 126 

24 



4 

DDX 

115 



116 

4 






| 


5 

FDX 

113 



114 

5 








6 

CHX 

111 



112 

6 








7 

BKX 

109 


110 

7 








8 

EJX 





8 








9 

GOX 

85 


Sc 

86 

9 








10 

BMX 

105 



106 

10 








11 

F.NX 

45 



46 

11 








12 

BPX 

107 

1 


108 

12 ' 






1 

s 

r 

13 

EPX 

89 

'I 

f 

90 

13 







Cable 

No. 71 

to Secondary Panel (CBD) 

Meter No. 

Cab le 

No. 72 

to Strip 

Chart 

Subcable 

14 

AC 

81 & 82 

14 

Sub cable. 1 

No. 1 

5 & 6 

i 


15 

AF 

121 | 

| 122 

15 


2 

No. 2 

31 & 32 



16 

AM 

123 

124 

16 


3 





17 

BD 

127 

128 

17 


4 

pair 7 

- bus shunt 



18 

BN 

131 

132 

18 


5 


53 & 54 



19 

EK 

15 

16 

19 


6 


61 6c 62 



20 

AK 

39 

40 

20 

Y 7 


63 6c 64 

> 


21 

AP 

143 1 

144 

21 






, 4 ^ 

-4 
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Instrumentation Functions 
Meter - Relays (contd) 


Cable No. 45 


Channel 





Multi-Point Recorder 1 


1-26 

P4 


3 

2-27 

P5 


4 

3-28 

P6 


5 

4-29 

P7 


6 

5-30 

P8 


7 

6-35 

P9 


12 

7-36 

P10 


13 

8-33 

P12 


10 

9-34 

139 & 

140 

10 

19 1 


20 

11 

r. -i \ 

Z 1 - ! 


22 

12 

25 


26 

13 

43 


44 

14 

77 


78 

15 

73 


74 

16 

129 Y 

130 

17 




18 




19 

125 & 

126 

20 

47 | 

i 

! 

48 

21 

49 | 


50 

22 

51 \ 

[ 

52 

23 




24 

135 & 

136 


(pressure) \ 


pressure 

cable 

number 


) 

- 34 amp 6 


load cell enc. temp. 


Cable No. 46 
Multi-Point Recorder 2 


Channe 1 1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


23 < 

Sc 24 

1 

2 

9 

10 

11 

12 

17 

18 

17 

18 

13 

14 

37 i 

38 

3 ! 

4 

7 i 

3 

27 

I 28 

29 

j 30 

35 

! 36 

41 ! 

! 42 

33 : 

[ 34 

75 

76 

79 | 

50 

65 | 

66 

67 | 

68 

69 i 

70 

71 1 

72 

83 | 

84 

119 S 

r ' 120 


4 

i 

i' 


vacuum 
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NaK - AtR 
HEAT EXCHANGER 



STATE 

POINT 

TEMPERATURE 

PRESSURE 

FLOW 

VELOCITY 

vapoiv 

LIQUID 

| 

I975°F 

235 PS(A 

1.0 ffe/s 

20 ft/i 

L 

7 

1650 s 

235 

0.16 

20 

L 

3 

1915“ 

30 

1.16 

515 

L.V 

4 

1915" 

30 

1.00 

20 

L 

5 

1940“ 

245 

1,00 

20 

L 

6 

1915° 

28 

0.16 

175 

V 

7 

1400° 

27 

0.22 

200 

V 

8 

1250° 

26 

0.22 

20 

L 

9 

1250° 

200 

0.06 

20 

L 

10 

700“ 

30 

0.50 

20 

t. 

1 1 

1100“ 

?5 

0.50 

20 

L 

52 

1100“ 

25 

0.50 

?U 

L 

13 

700“ 

20 

0.50 

20 

L 


V 

M 

\x\ 
-■=£ - 

©- 


PRIMARY C 5 CIRCUIT 
PR I WARY LI CIRCUIT 
PRIMARY NaK CIRCUIT 
ANCILLARY LlQUrO METAL LINES 
REFERENCE STATE POINT 
VALVE - HAND OPERATED 
VALVE - REMOTE ACTUATION 
COEXTRUDEO JOINT 

THERMOCOUPLE 

TC READOUT ON METER RELAY 


Fig* B-l. 100-kW erosion loop liquid metal circuits schematic diagram 
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VACUUM 

HtAMFOlO 

PUMP 


SVi SVB $VS ZV$ 3V6 SV7 






LEGEND : 

• 440 - 3 $ 

ZZO - / $■ 

• 220 - 3 * 

• no - / <t> 


IP 

(W/ZATtON GAUGE 

♦ 440 - l ^ 

rcP 

THCBMOCOWKE 

[o\ VAPIA&LE voltage 


SOLEPCH0 VALVE 

n PEVE&S/tHS SMTCU 

[fj 

3- WAV 

SQLLHOIO VALVE 

— — OP -OF A 3MT&4 

th 

MOTOP OPE PA TEO 
QEGULATOP 

| ^ | CONTQOLLER 


Fig. B-2. 100-kW erosion loop electrical schematic diagram 
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Fig. B-3. 100-kW erosion loop argon, vacuum, and air circuits schematic diagram 
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CHAMBER BODY 


HEAT-X 


\D&H TNE8MPUMP MOTOR 


PLANT WATER 


FLOW 
SWITCH 
70 HEATEJ? 
POWER 



VOW THE ELM COO U NS 
SYSTEM 


LEGEND: 

[X] VALVE - REMOTE ACTUATION 
VALVE - NANO OPERATED 

d£j SOLENOID VALVE. 

-*► CHECK VALVE. 






ISHSiraHH 

immmmmmmmi 


Fig. B-4. 100-kW erosion loop cooling circuits 

schematic diagram 
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Building 148 panel CBA wiring diagram 


PRECEDING PAGE BLANK NOT FILMED 















PRECEDING PAGE BLANK NOT FILMED 


CBP! — 
CgFZ—~ 
CBF3 — ' 
CAP* ^ ' 

cere — " 
c*r& — " 

£8P7 — ~ 
caps - ' 
can—" 
CBFiO^ ' 
CBB\ — " 

C8£Z-r- 
CBE4 — ' 
CtES — ' 
CB£6~~ 

cam— 

CBEU — 
CBEIZ — 
CBE) 5 — 
C0£/4 — 
CBE/S— 
CgEfL 
C5£i7-\ 


& 


it 


/Z 


LL 


14 


iS 


IL 


n 


ta 


J9 


20 


2i 


2Z 


MU 


21 


— CKZ 
— CPI 

-rose |i 

- /VJ5 
— M/ 
PTZ 
CTL 
- CTZ 
—NPt 

/o^-Atrz 
-*«2$ 
-CPS 
— C T i 
— CTZ 
-nrt 
— HT2 
r~A*3 
-AVI 
-CT/ 

‘ -CTZ 
~CT3 
'-074 
"-CTS 

crs 


2h 


3 


4 


6 


8 


fd 


C6H\— 
CWV— 
CBHl— 

CAH f — 
C6HS-\ 
CBHL — 

cam — 

CAPS— 
C6H3~ 
CBtf/6 — 

// 

C9M2 — /£ 
CBd 5 — /3 

CBCtZ—~/4 

SBC tf — /S 
CBCIQ— 

C BEST— 
CBC7 

£ZHn-\ 
cans 

CB34 


b 


vr_ 
/ 8 
/9 
2<l 
2 ± 
22 

CBB<^23 

csb* —77 


/£ 


\-.MSi 

M 57 |/>WS 
M /2 [2-957-1/3? 

-MU 

rpzx\ 

-Ml low# 

-M7 2-9 *74/42 

T*2X4 
-I2?/X4 

~r/-t 

— pr-C i0tV6 
—PT-B |2-9374/59 
-FT- A 

FR\ (DWG 937425*2) 


+JP*C7 
rLCT-A 
-Cr*CQM 1 

~cr-c 

— MSB 

-fiU> 

- CPI 
-CPZ 
-<P5 


0 ws 

Z-4374fST 


Z-9 3 7+/+Z 


l£J 


<£ 


a 


/o 


it 


CBJl 
CBs/Z 4 

C6J3 — | 
C/BvH - 
CB4S — | 
CdJt —I 

— I 

lavs 
0*^9 
CBtUO 

cevu ~ 

— 

CBB3— 
CBC6 
C6CS 
CBC4 
mitJ 

rsci — 

CBCl — /<? 

ctitn— 20 

C5JIA~ 2 / 
CG43T2 — 1 ^3 


/2 


/ 3 


/4- 




/6 


/ 7 


/8 


■AU/ 

• /HS7 
' Af/2 
-MU 

-A1 I 

- M 7 
-TP4X4 
-TRJX4 

-ruz 

- PT-C 

-rr-s 

-P7-A 

-rz 


zSF-CT 

-CM 
-C7-COM 
- CT-C 
-MS 6 
-Mt 


MG 

I 2 - 9374/37 


2 - 9574 / 4 * 


OWG 

2-9374/37 


~ B-/OOZ3 524 


Z-3 374/43 


yAL/e oc r?oroR 

MTR UH*Shf (blV€ 102494s) 



pw<f 

5--9 3 7425-5 


5^3374252 


NAK /TOCM 
BLOW f /^ 




/ h 


cfl/r/ — 

r ^/<3 

H 

^a/rcs- — f 

CSKB 
C a /934 
CBfKB 

cars — 1 

CBfdO 
CBKU — 
C5A72 — 
<?i 7 /T /5 — 
CBKH- 
CAKt5 — 
CBKtC — 
CBPS5— 
CBKfc — 
ctm— i<$ 
CBKZG — 
CBK 01 — 
C6K0Z 
CBXOZ—\ 


OWG 

£-$3T4-ZSr 


U4 £ 

- V4F 

-u+A 

- 040 

-ova 

- uvea 
VALVE DC MOTOR 

-i/VCC OWS r-937425‘5' 


-U3E 

- 03 P 

- u*A 

- U3D 

- U3B 

- 03CB 


DWG 

£-3 374-2 54 
VALVE DCMOTOn 
U ICC 
U 4-C 
U3C 
JZOV-HOT 
y z O SOL • .N 
3/^45“ 

W/? L/ M- sy/ (DWG i»00244^5) 


PfcVG 

^■‘9 774.2 5-4 


1 





~ 











a 

ngga 

CHAH6ED BI3i «3,C 24, 022-2344. E7W7-a4 



E uf 

OS# 

EB 

U2ZBQ 

cha/V 6£D M/tss a t an.&/s. a n,sia£mc/s,cnjua 


■ 

ETi 

l 

TM 

ftgr yii 

J 5 JO CD PGA jCdrtJ rRUC 7*4 H 

223 

nn 

03 

ert 


■331 


- 

KB 


r ' ’*»» 


Fig. B-7. Building 148 junction box JA interconnection diagram 
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Fig. B-8. Building 148 panel CBB wiring diagram 
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Fig. B-9* Building 148 panels CBE and CBF wiring diagram 
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Fig. B-10. Magnetohydrodynamic facility panel CBH wiring diagram 
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Fig. B-ll. Magnetohydrodynamic facility panel CBJ wiring diagram 
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Fig- B-1Z. Magnetohydrodynamic facility panel CBK wiring diagram 
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Fig. B-20. Building 148 NaK pump blower schematic diagram 
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Fig. B-28. Magnetohydrodynamic facility 1 -1 /2-hp blower 

schematic diagram 
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Fig, B-29- Magnetohydrodynamic facility lithium pump schematic diagram 
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APPENDIX C 


FABRICATION DRAWINGS OF TEST SYSTEM 

The fabrication drawings of the cesium- lithium test system are in- 
cluded in this appendix (see Figs, C-l through C-53). In some cases minor 
deviations and/or modifications have been made for the reasons discussed 
in the text, However, the essential features of the components and piping 
arrangement are identical to the drawings. 
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Fig. C-l. Layout and installation — IjOO-kW MHD ac generator erosion loop 
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Fig. C-2. Weldment injector assembly 
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Fig. C-4. Needle assembly 


84 


JPLr Technical Memorandum 33-633 




APERTURe PLATtl 



Cb'17 m Zr- 

DESCRIPTION 

SPECIFICATION 

STOCK SIZE 

MATERIAL 

REF DESIGNATION - ELEC DWG 


Fig. C-5. Aperture plate 


1.030 



I. CLEAN i DEBURR TUBE ENDS. 
MEASURE t RECORD I.D.t l NALL 
ON ALL TUBES . 


TUBING 


p<)35 0.0,014 WALL 

C*> -/T. Z r- 

DESCRIPTION 

specification 

STOCK SIZE 

MATERIAL 

REF DESIGNATION . ELEC CW3 


Fig. C-6. Tube, needle assembly 
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SECTION A — 

KEF 
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sectionC°C 

TYPICAL (3 PLACE'S) 


3 machine FINISH b ^/s 
2. TOLERANCE, ANGLE'S t 
\ BREAK EDGES ,005 -.OIS" RAO. 


holder jTuee 


|1/ B DtA * V/U 

Cb-/‘AZ.'' 

DBmrioit ' 


sttx*<arr 

L * if rarMTK# • hfc oura 

WIOMl 


-7. Holder, tube 
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DETAIL 
SCALE: I O/l 


^ assemble instructions 

STEP NO, L INSERT © INTO © AS SHOWM . THE DIMENSION SHOWN IN 

— DETAIL "A" 15 DESIGN DIMENSION AND MUST BE HELD 

TO ±,OOIi „OlO SHIM STOCK, REMOVE AFTER WELDlKlSj). 

WELO 0 5,g)AS SHOWN- 

STEF NO. 2. INSTALL ® INTO © AND WELD AS SHOWN . 

NOTE- press ® LIGHTLV until it bottoms out on the 

STEP OF®, THIS WILL ESTABLISH THE S,tO O "KCF T3IM- 
S TEP N0.3. COVET? OS? FLU£i all wets, etc. 


^ ALIGN INDEX MARKS; USE F/KT{jeE J3tl7SO*-l <* JBU10&Z-Z ■ 
L tTTET? WEICAN<2, StOfcE \W PROPER CONTAUiE* TO DNMA&E. 


SPEC TIG WELD JPL £00 35 

SPEC IDENTIFICATION JPL 2.0002 



Fig. C-8. Separator — 100-kW erosion loop 


00 


A5 5EMBLV PROCEDURE 


WELD ITEM 0 TOGETHER AS SHOW/N. 
WELD ITEM5(2)t0 TO ®'WELD^)TO 
STEP MQ.£ 

INSERT STEP NOU INTO (§). ALIGN THE STEPS 

OF (5) A© THAT RECEIVE (9 ), THEN WELD AS SHOWN, 
^bE U*CD FO« POSITIONING WiT DO NOT WELD @M 


ENDS OP@ TOGETHERj^S LAVERS’) 
AS SHOWN -TEESS ©UNTIL IT -BOTTOM* CN©& © 


INSTATE <7)a(D as shown.twist 

STEP N Q.+ 

INSTALL AND WELD 
^TE P NO. 5 

MACHINE T HE- INNER SURFACES OF ® * MACHIME THE REAR 

SURFACE OF 0; BORE HOLES POP. (§) A INSTALL 1*9 UNTIL IT BOTTOM* 

STSP.RP.fe 

INSTALL AND WELD @4,® INTO ©• 

MACHINE THE LD.OC<g)AS S«QWU. 


-3.TOO DIA 
BASIC 


HOLES (EQUALLY SPACED) 



SPEC 
i SPEC 


[c*im7fc 
£91177*4-' 
.jC9MT763" ' 

r _ " — 

]C9477C^O 

F •" 

IC3UT759 
joan77 sa 
■C9HT75T 
|C31 I77S& 

C 9 "7755 ' 
09)17754. ' 


IDENTIFICATION JPL20002 
TIG WELD JPLZ0O35 


' plU, T2 'u6|. 

riug,. 

"PLATE ©OTTCV1 

PLBTfe, TOP 
Wl'lR £ J~ 

OCPE&LJ 

BAND, separator 

Boor . 

CVUUDtR SCR'Wii" 

’’ ©APPLE Wil" 
■‘BAFPL&' NO. I 


WtE«(.0'p,? * COLUViftlOM 

Coujmb MesA 
*ve 


. COLLAe /SELABhTiaC: 


17 
I* 
i r 
14 
3 13 
‘ : \1 
t U 
i :io 
» i S> 

s i a 

3 ! t 
' :& 
i 

» u 

! '© 

< t z 

< ; \ 




6. Tka WtLD THEOU6HOLT. 

&S INDEX MARK THIS AREA OF @ IN ALIGNMENT WITH 
OOWLL PIN ^). 

/^DIAMETER to be concentric to oatuvi (a) WITHIN .oql 

3. MACHINE!) fillet RADIUS? .015 R . 

1 HE WOVE All MJftflS AND SHARP EDGES ^XffR MAX. 

V MACHINE FINISH ^ . 


Fig. C-9. 


Assembly, body, separator — 100 kW erosion loop 
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, Fig. C-10. Collar separator — 100-kW erosion loop 
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Fig* C-12. Baffle 2 , separator — 100-kW erosion loop 
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3. MACHINED FILLET RADIUS: ,0 10 MA^C* 
t REMOVE A 4 FURRS AND SHARP EDGES .005 R MAX. . 
I. MACHINE FINISH 



Fig. C-13. Cylinder screen, separator — 100-kW erosion loop 
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Fig. C-16. Plate, top, separator — 1 00-kW erosion loop 
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AS RELQD TO FIT C9lH2i2 WCZ.ZLEI ♦ 

MAKE FROM COKE REMOyED FROM C9J|V76 3 / tF FEASIBLE, 

X MACHINED FILLET RADIUS: 

Z REMOVE AIL ftURRS AND SHARP EDGES .015RMAX. 

). MACHINE FINISH 


A 

SPEC 


IDENTIFICATION 

JPL fi 0002. 




L 





/ax 3% di* 

Cb- 1% ’Sv- 


1 


DWB OR 
PART HO. 

CASH 

NO. 

DESCRIPTION 

SPECIFICATION 

STOCK StZE 

REF DESIGNATION . ELEC DWG 

MATERIAL 

NO. 

REQD 

FIND 

HO. 


Fig. C-18. Ring, nozzle, separator — 1 00-kW erosion loop 
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TIG weio 




3 . machined fillet radius: j030 max. 

2. REMOVE AIL SURRS AND SHARP EDGES .015 R. 
V MACHINE FINISH <> 3 / 


SPEC 


IDENTIFICATION 

JPL 20002 



4 " 

SPEC 


TIG WELD 

: JPL 20035 



, 3 







i 2 



ttlNG 

j 

PLATE %X|^ t x»5^G 

Cb-fZ Zr 

i 1 ‘ 

DM Oft 


otscRkfnoft 

sreancAnoN 

stock sort 

MATER IAL 

WO. flKD 

run ho. 

1*0. 

ft IF designation - ELEC cnm 


REQD MO. 


Fig. C-20. Ring, separator — 100-kW erosion loop 
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Fig. C-21 . Assembly, cone and support, separator — 1 00-kW erosion loop 





^THE entire: FLOW SURFACE (2.100 tef) 
IS TO HAVE AN 6 FW1W. 


^INSTALU® AND REMACHINE TO THESE 
FINAL. DNV/IENSION S. THE .6915 DtA TWENStoN 
OF© MUST BE MAINTAINED. 

3. MACHINED FIllET RAMUS: .010 . 

2- REMOVE ALL BURRS AND SHARP EDGES -015R . 

I. MACHINE FINISH 6^. 


I 


SPEC ' FUSION WELO J PL 20000 

SPEC TIG WELD JPL 20035 

SPEC IDENTIFICATION !jPL2C?Oce 

C9II7773 NOSE CONE 

5 TUBE 

^ COETTRUDEO JOINT 

3 TUBE MIL- T- BPOS 

2 PIN 

I CONE . 


IO 

9 

9 

7 

f Cp 

,344 0O«i54 WxlO LC Cb-lAZr I 5 

3440DK.04 W* SlgLG CbHtirtiaiCRej l A 

Vs^DJ^y^VM^LG 321 CRES I 3 

.031 0IAX &IG C b~|7» Zr 3 2 

3TsDlA *< Cb-I^. 2<- .1 I 


IffCHlMMldH- iliC m 


HATER ML 


HO. | RKD 
REGO I HO. 


Fig. C-22, Cone assembly, separator — 100-kW erosion loop 
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,/2 X 4-5 


~ T cz-*r 



4. W4TCH nr WITH P#/?T HO. CSN777/* 

FOT? SNUG, fit : 


3. MACHINED FILLET RADIUS: .OMDMAX. 

2, REMOVE ALL BURRS AND SHARP EDGES .OlO R MAX. 
1. MACHINE FINISH ^ 


SPEC 

IDENTIFICATION JPL POO 02 


3 ' 




: a 


PLUG, TUBE SUPPORT 

.PLATE D/A Cb-tX 2> 

/ " 

DWG OH 

BASH 

STOCK SIZE 

HO. FIND 

PART NO. 

DESCRIPTION SPECIFICATION 

RET DESIGNATION - ELEC OWG 

fifQD NO. 


Fig. C-Z4. Plug, tube support— 1 00 -kW erosion loop separator 
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a CouVoujrnoLls(e&F) 

‘ 5ECTIOU A- A 

/ REE DIMENSIONS EXIST ON I 

l ARROWHEAD BELLOWS NO ZIOIZ) 



A BELLOW'S TO ^AVe A HO- 6 BHD CUFF 

TEeMlLlAT/OU, EEDUCSD tMA,VlETBI5. AS SHOWN 
MATERIAL .005; | PLV.IOO PSI AT 800’F , 

MAX DEFLECTION .as; spring rate IH.; 

EFFECTIVE AREA 1.4 3 SQ IN. 

/^SIMILAR TO ARROWHEAD NO.ZiOtE, ARROWHEAD PRODUCTS, 
4411 KATELLA AVE 

LOS ALAWITOS CALIF. , OR E-Q.L>Al_ . 

(BULLETIN NO. 501 -R) 


A 


S*=>ec 


IOEKJXI FICATIOKJ 

vJPL 200 02 







BELLOWS 


s&e 

3<47 CRE S 1 

i 

1 

DWQ CR 
PART HO. 

DA8H 

NO. 

DESCRIPTION 

SPECIFICATION 

STOCK SIZE 

MATERIAL 

NO. 

REQD 

1 FIND 
NO, 

REF DESIGNATION - ELEC DWO 


Fig. C-25. Bellows, separator — 100-kW erosion loop 
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3. MACHINED FILLET RADIUS: ,010 MAX 

2. REMOVE ALL BURRS AND SHARP EDGES .015 A MAX 

V MACHINE fINISH 


5PETC 


|lDEMTlF|CA-riON| 

JPL ZOOOE 






■ 

■ B 







■ 



^j-oia xe Vi us, 



1 


|^p: 

D€SCRIPT10N 

SPECIFICATION 

STOCK SIZE 

REF DESIGNATION - ELEC DWG 

MATERIAL 

NO- 

RLQD 

FIND 

NO. 


Fig, C-26. Coupling, separator — 100-kW erosion loop 


JPL Technical Memorandum 33-633 


105 













3. MACHINED FILLET RADIUS: 

2. REMOVE AU BURRS AND SHARP EDGES .002. R MAX* 
1. MACHINE FINISH 


SPEC 


IDENTIFICATION 

JPL2COOZ 




3 


2 

TL>e>IU<5, Nil Z 


£2500* . 56 1 0 

321 CRES 

1 

z 


1 

TOBINQ NO- 1 


.<ia5ODx.50I0 

Cb- l/SZv 

1 

1 

DWO ON 
fwrr no. 

DASH 

NO. 

DESCRIPTION 

SPtBnCATION 

STOCK SIZE 

P nr DESK! NATION ■ £lEC PWO 

MATERIAL 

NO. 

REQO 

nno 

NtJ. 


Fig. C-27. Tubing, separator — 1 OO-kW erosion loop 




3. MACHINED FILLET RADIUS: .OIO R, 

2. REMOVE All BURRS AND SHARP EDGES JOOSR MAX * 
1. MACHINE FINISH \U 


SPEC 

_J 

/Of /V Tine A TiON 

JPL €.0002. 

| — 





1 









RIM 


.WA DlA x L<%. 

Cb- ^ Zr 


1 

53 

53 

I a 
?>* 

«D. 

DESCRIPTION 

SPECIFICATION 

STOCK SIZE 

fTEF DESIGNATION - EL£C OWQ 

MATERIAL 

NO 

«CP 

FIND 

NO. 


Fig. C-28. Pin ring, separator — 100-kW erosion loop 
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4. MAT|Eei^U”rO Bis DETE12WIUBD BT TWE C03. &MGE, 
3. MACHINED FILLET RADIUS; ,OfS Q M* K. 

X REMOVE ALL BURRS AND SHARP EDGES 
1. MACHINE FINISH 43/ 


5PEC 


JD&UTlFlCATJOki 

JPL 20002 




<£> 


5 

Coua. 


%DAx l S/fl Lc3j 

see Uot6 4- 


5 


4 

uo=£ co^ie 


3/j.tDAx. 1 %L<* 

see lIote 4 


4- 


JL 

ljose coue 


34 DA * l Vabs 

see. uore 4- 


3 


x 



a/4 Di^sk, 

see uote A 


2 m 

l 


i 

Cokie 


34. DlA x IS& L<S 

BErfc UOT£ 4 


raw or 

PART HO- 

DASH 

HO. 

DESCRIPTION 

SPECIFICATION I 

STOCK SEE 

REF 0 ESI 0 NATION - ELEC tWQ 

MATERIAL 

NO. 

REQD 

FiWD 

T#0. 


Fig. C-29. Nose cone, separator — 100-kW erosion loop 


JPL Technical Memorandum 33-633 


C. 107 
















DETAIL C 

QOTATED SCMO 1 FQg CLARITY 
SCALE :-j- 



VIEW GrB 

SCALE? | 


3)A 





-i 

/SHOWN ROTATED 180 * naotv\\ f£) 
^installed position ^ 


/\ 5EFOI26 IWSTALAATIOfJ OF ITEM 5 , 
REAM HOLE IU ITEM 2, 

.OOQ T0.O04 DIAM8TI2AL CLEAI2AWCE, 
F0I2 &AS>IC FIT. 



Fig. C-31. Shell, lithium heater — 1 00 -kW erosion loop 
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fUU 4 b* CUfcM 




SPEC 



«. 5PPS-9KI 1 

TT~ 

f7 

i 

SPEC 


10CNT1P1C4T10M 

JPL7OO0Z | 1 

1 1 

16' 




rr. x:l 

r;ait 


IS 




wr.i 



14 



1 3 BLOCK, SNDWJE 

321 ORES 

s 

rt>‘ 


■i l 

BLOCK .S&fcDL* 

I k « * *4 321 CRCS 

1 

\z 



11 

wist 

• tjtZt»A\ L>i CV ' t% IV 

*/R 

n‘ 



rfi 

TUBE - , INNER 

Tuet W25**04'lwl30J*>FlHttMI> Cm-iTZh \ 

(0 



3 

TUBE(/E"4T4 

’L'LE.iaifciaiaiiiN’tM c»-i^?a 

2 

9 



0 

h^L'<lSC, 

VlPE l£ t stw fid* Z2.7'S 321 C EES 


6 



7 

"BtLliiN ^ > MODIFIED 

WAKE naiw\ bOlAV V(4 CRE«. 

1 

7' 



< a 

SUtvf 

VRlIg K SCN ao * VOQ 32 1 CVt=> 

1 

6' 



5 

V1N&, TVANWTIGN 

i’-zaaea-vk^oo Tuawo) izi c>?ts 

2 

s' 



4 

RlNii, (VDCvVTTLW 

T n* WV M Joa C»- 


4-' 




TEC , lAOtHfltD 

MAKt PROM LMHJIW *f*i HWI «OS<Rt! 

z 

b' 



2 

END; INzET 

r Bfc ■BAIT .750 Frai3Htr Cm* I1Z« 

1 

z‘ 



l 

. '_NZ. CvUtl 

2 -BfB.BAEKmOQnwSNtD Cm ' ifeZ* 

t 

jj 

c 

urn et 

PI "T~ 

r^~~ 1 


1 


Fig. C-: 


Comd enser — 100-kW erosion loop, cesium 
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A PROCUR& PROW HOCXeftR METM£> INC., 
CONCORD, WfrbS., OR KtOAL . 

^DIFFUSION bOND UWITS. 


3. MACHINED FIUET RADIUS: 

1 ft (MOVE AU lUftRS AND SHARP EDGES 
1. MACHINE FINISH 63/ 


SPEC. 

[ 


IpeNTlRCATtON 
CQ-EKTR. JOINT A 

JPL ZO 002. 
SCHtD 5 

IPS> X 3 LO 

Cb-lX3r/3ZICKe 

"• ■ 

3 

I-— ■ 

I DWG OR 

| PART HO. 

DASH 

NO. 

DESCRIPTION 

SPECIFICATION 

STOCK SIZE 

MATERIAL . 

HO, 

REOO 

1 

REF DESIGNATION ■ ELEC DWG 


Fig. C-35. Joint, coextruded — erosion 
loop cesium condenser 



PAGE BLANK NOT FILMED 
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-I - SMQWM-LH 

-2 * - QFFttSlTE-gtt 


A THfSt SURFACES COATED .020 t*.O30 THK ALUMINA, 
(3G7 a PUl£ MIN.) AFTEV \WEID1N6. 

3. machine PlNlsH 

2 . T?tMOYE AIL WRS^ , LTC. 

I. ALL "BEMfc TiAfcll '.19" 


SPEC 

— 

IDENTIFICATION 

JPL £0002. 




* 








3 


— 

B^ACkrLT 


.itt<naOx3% x5£w 

304 CKES 


1 


\ 

^'RACKET 



304 CEES. 


1 

owe 0 * 

PART WO. 

DASH 

WO- 

DESCRIPTION 

srectncAnoH 

STOCK SIM 

KEF DETONATION . ELEC DWG 

MATERIAL. _ 

NO. 

RtQD 

FIND 

NO. 


Fig, C-36. 


Bracket, 


bus support. 


inner (LH and RH) 
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P£TOOeM THESE FUUCTLGNS ATTETK /£\ 


DETCeM<NE L£W6TU &T MEXT 

3. MACHINfO FIUET RADIUS? ,030 R - 
2. REMOVE AIL BURRS AND SHARP EDGES OS OR* 
MACHINE FINISH ^/ 


SPCC 


IDevWFKACnON 

JPV 'LCC&Z. 



KF 


{ 

■Btce 

■■ ■■ 

■&M? 1 T>tA * V8h- L& 

OTHC COPPe^ 

1 

PWQ Off 

PART NO, 

GASH 

NO. 

DESCRIPTION 

SPECIFICATION 

STOCK SIZE 

MATERIAL 

NO, 

REQD 

REF DESIGNATION - ELEC DWG 


Fig- C-37. Bar, bus, lead-in (RH) 




3. MACHINED FILLET RADIUS: 

2. REMOVE ALL BURRS AND SHARP EDGES .015 R . 
I. MACHINE FINISH 63/ 


SPEC 


IDEWTlFlCATJOKJ 

JPL^OOO^ 



3 

f 


ADAPTER, AFT 


BAR I"DIAX3 Vi- LG j 347 CRES 

' 

r 

DW Off 

DASH 

rkfe^h | Dfi ftM 

| 

STOCK SIZE j 

NO. 

FIND 

PART NO. | 

1 

vuvHirnun 

[ SFtCIFTCATlON 

^ REF DESIGNATION - ELEC DWG | H '*' ERbL 

REQD 

NO. 


Fig- C-38- Adapter, aft 
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/£\ PEKBffgl* TWtSt MUZ* fi\ . 

/4\ DeTCEMIRE L£N£TU W NEXT kSSY. 

3. MACHINED FILLET RADIUS: .030 R . 

2. REMOVE All illRftS AND SHARP EOOES .030 R 
1. MACHINE FINISH ^ 


SPE.C. 


tt£NiTlFlCfcTI&N 

JPLZCjOOZ 



TJEF 


1 

B M? 


lI>IA * 18 

OTHC CQPVFB. 

1 

cm on 

PART NO. 

C*6H 

NO, 

i DESCRIPTION 

SPEClPH>riOA 

STOCK 5V4t 

MATERIAL 

NO. 

REQD 

REF DESIGNATION ■ 6UC DWO 


Fig, 


C-39. 


Bar, bus, lead-in (LH) 
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3-V2 "StF 




Aozo TO .030 TWIOC M.UMIU* (9OT PLiEE Mlli) 

TRESE 9USTAC&S AFTEE WELDIU£ . 

4 . All e»tin> Vtf&H 
3. MACHINED FILLET RAOIUJ: 

Z REMOVE ALL HJStS AND SHARP EDGES .04 £ MP. A. 

1. MACHINE FINISH 




SP&c 


iDeUTIRCATlCM 

JPL "2-OGP2. 







PJSION VJUNNA 

iPl 200&G 



» 



9 

PLATS 


ft* ZVfiLq 

JOi CIUS 

1 



B 

AMO.VE 


Le, 

2£>4 CSE^ 

1 



1 

5UFT0KT 


riGAii*5)x5ftx9 , A us 



1 


6 

AM6.LE 



1*34 C£LS 


1 


5 

SOTPOVeT 


U6*/Jt?Jx 5**314 14 

_2i£lA CKVS. 
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4 

TLKTE 



304 CWL«. - * 

1 

\ 


3 

&US%VT 


»*4£lK)*2*Z7& L4* 
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2 

WEYWiENT 







l 

WELriMENT 




Nog 

*cp 

!8 

3# 

HD. 

DeujtmwM 

WTCtnCAOC* 

•IT CXZCXiVC* . UtC M 

KJCTOUU. 


Fig. C-40. Bracket, bus support, outer 


imiiiiim 

UBB0B9DBQD99 




SECTIOM 



3. ALL INTERNAL DIAMETERS TO BE CONCENTRIC WITHIN ,005 T LK. 
2. MACHINE FINISH a & 

L BREAK CORNERS ,005'.0i5 RAD. 



Fig. C-41. Housing, injector assembly 
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& 
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mm on 

MXT HU 

MW 
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Fig. C-43. Bar 
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Fig. C-44. Door assembly — 100-kW erosion loop 
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Fig. C-46. Frame, weldment, vacuum tank support 
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Fig. C-49* Sump weldment — cesium, lithium and NaK (tabulated) 
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Fig. C-50. Sketch, desuperheater, erosion loop 
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Fig, C-51. Cooler , 100-kW erosion loop 
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Flow Tube — &?*■ * . 05 /* h//tu i CoLifnatm-ftZr 

End Preparation — Square 
Thermocouple — Chromel - Alumel 
Estimated Weight — 40 Ls$. 



APPENDIX D 


CESIUM -LITHIUM LOOP OPERATING CHARACTERISTICS 

The operating characteristics of the Cs-Li loop were determined by- 
modeling the performance of the major components (Li pump, Cs pump, Li 
heater, Cs condenser, Cs subcooler, bypass valve) and combining the rela- 
tions together with the hydraulic and heat loss characteristics of the system. 
The CAL program resulting from this effort is given in this appendix. The 
results of variation of key parameters over a range of interest is summarized 
in Fig. D-l. The independent variables are taken to be the pump voltages 
Ej and E , the heat rejection rate Q, the NaK pump current I, the lithium 
heater voltage E 3 , and the number of turns opening of the bypass valve N. 

The variations of the condenser temperature T^, mass ratio r Q , NaK tem- 
perature T^, and lithium temperature T^ are shown for individual variations 
in the independent parameters. At the design point of: 

Tj = 1800°F 
T 2 = 1 300 0 F 
T 3 = 900°F 

Cj = 0. 02 

r = 10 
c 

the control variables should have the following settings (from the figure): 

Ej = 304 V 

E z = 283 V 
E 3 = 11.3 V 
Q = 24. 3 kW 
T = 18. 3 A 
N = 0. 45 turns 

The effect of variations of the control parameters from the design point can 
be determined by following the appropriate curve. 
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NOMENCLATURE 


A1 

a B 

fraction of cesium in lithium at nozzle exit 

A2 

A 

area of loop at highest temperature, ft^ 1 

B1 

Pb 

fraction of lithium vapor in cesium at nozzle outlet 

*C1 

c o 

fractional lithium carryover 

C2 

Cp 

cs 10 

specific heat of cesium liquid and vapor at T-^q, Btu/lb°F 

C3 

Cp Li 

L 1 ! 

specific heat of lithium at 

C4 

c Pi, 

specific heatof lithium and ce sium mixtureinto desuperheater 

*D1 

Ap fl 

frictional drop in lithium lines, psi 

*D2 

Ap f2 

frictional drop in cesium lines, psi 

D3 

at b 

drop in bulk temperature in nozzle, °F 

El 

E 1 

lithium pump voltage 

E2 

E 2 

cesium pump voltage 

E3 

E^ 

lithium heater voltage 

E4 

E 

emissivity of foil insulation 

LI 

Lv Li 

latent heat of lithium vapor, cal/g 

L2 

Lv Li 

latent heat of lithium vapor, B/lb 

L3 

Lv 

cs 

latent heat of cesium vapor, cal/g 

L4 

L>v 

cs 

latent heat of cesium vapor, B/lb 

Ml 

m T 

total nozzle flowrate, lb/s 

M2 

m Lit 

lithium flowrate in nozzle, lb/ s 

M3 

m , 
P 1 

lithium flowrate in pump, lb/ s 
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NOMENCLATURE (contd) 
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M4 

m 

CS N 

cesium flow in nozzle, lb/s 

M5 

m 

CS J>9 

mass flowrate of dissolved cesium, lb/s 

M6 

m Li Q 
v9 

mass flowrate of lithium vapor, lb/s 

M7 

m 

cs n 

Ds 

desuperheater flowrate, lb/s 

M8 

m <-i 
p2 

cesium pump flowrate, Ib/s 

N1 

n 

number of layers of radiation shielding 

PO 

Po 

inlet pressure of lithium, psi 

PI 

Pi 

nozzle inlet pressure, psi 

P2 

Pl2 

condenser pressure, atm 

P3 

Pl2 

condenser pressure, psi 

Q1 

Q 1 

heat input from lithium pump, kW 

Q2 

°2 

heat input from cesium pump, kW 

Q3 

q 3 

heat input from lithium heater, kW 

Q4 

Q 4 

radiant heat loss, Btu/hr 

Q5 

Q 5 

heat transfer in subcooler 

Q6 

Q 4 

radiant heat loss, kW 

Q7 

q r 

heat rejection date required, kW 

R1 

PLi 

lithium density, lb/ ft 

*R2 

r 

c 

mass ratio of lithium to cesium in nozzle 

R3 

Pc s 

cesium density, B/ft 

R4 

PLi 

lithium density, g/cm 
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NOMENCLATURE (contd) 


R 5 

P 

r cs 

cesium density, g/cm^ 

*T1 

T 1 

nozzle inlet temperature of lithium 

*T2 

T i2 

condenser temperature, °F 

T3 

T 34 

potassium low temperature, °F 

T4 

T 12 

condenser temperature, °K 

T5 

T 1 

nozzle inlet temperature, °F, °C 

T6 

T 19 

temperature into desuperheater, 0 

T7 

O 

i— i 

H 

nozzle exit temperature, °C 

T8 

T 

12 

condenser temperature, °C 

T9 

T 

A 10 

nozzle exit temperature, °K 

XI 

T 

c 

temperature of vacuum chamber 

X2 


temperature factor 

X3 


temperature factor 

X4 


temperature factor 

XB 

T 

10 

nozzle exit temperature, °F 
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Cs-Li LOOP PERFORMANCE PROGRAM 


1.00 DEMAND Cl*T 2 *Tl>?? 0 iT 3 /R 2 iA 3 
1 * 01 - T 4 3 ( T 2 * 32 * 0 ) /l * 8 * 273 » 16 
1 « 0 U Ag« 10«12 


i'l.Oia M*i 5 
! 1.013 Xieaoo 
ii e 014 Ei>w »15 




.IX, v'-H. 


i.oT P2 e 1 0* ( 3. 3629- < 3517* 76/T?) *6. l^OSeLOGiO" (T 4 ) ) 

1.03 P3b i<i • 636*P2 

1.031 V la49S«>P0fl.288/(P3**l78«R2a.443) 

*o6381 * ( Pc* • 90 ) • { R2 At .*7 > ,-L >%• •••'.>•. v Y :V": ' 

1.03 M2.(Hl*R2)/<1.0+R2) ‘ ' '.h 

1.06 h3?«2* ( 1 * 0”C1 ) _ - ; 1 ■ ' ■ ' ■’ 

1.67 T S » ( f 1 *32 * 0 ) / 1 « 8 ' ' 

1.03 R4». 124 + (5*306/ ( 10**3* 1 ) * {2900.-T5 1 ** 5+ <4* 135/ ( 1 0* *5 » ) ) * <2900*®T5 j 
1 > 09 Rl «6 2 * A »R4 


'1.11 M4»mVU*R2) '... * : ' 

1*12 D3B(.0902«POttl»465)/(R24f515#P3a«A3lJ. 
■1 >13 Al »(i. 98S»P0<«S31»P3a«8a9)/(10»51 
1 *1 4 8 1 » ( •0C292»PC**443«R26«0973)/lP3al»0£> 
1*15 X5 i.T1t.D3 
1*16 H5nAl«-M2 


T6sT3*100-. - 

: 1 a 1 r'6s31*(MA«i , !5) 

iltl 9A ?»tX S»3g)/<l«$L 




1*20 C£e*Q634® {8«032*T? J/1Q&5* (7.99&«*T7a2>/10*8 
1*21 TSi.TiM.273 
1.22 C3 9 i.Q577 *>a.3152>T8/10A »)»(.5»3».7 7» T8»2ZlQ* 6L 


¥ 1 1 23 C f > *<C2)/<UCi«R8i* <Ci*R8#C3 >/ ! UCt»R8 )• *&%%%& 

ti*s 4 - tsbT 74-87 »%■ \ ■ i r* ■■■, .. :-u*j ^"r-'y ■ ' 

H*#3 Us608lU8m»T9/31 73 1^3788^^:*/^^^ 


1*26 L 2 ei* 6 *Ll 

i>2? !»3;<l<*7f 12«( 1*14/2043 )&» 3547 
ijjs j.4y *8H.J 
;1» 


50 


H? 7 {' K<?»C8« ( XB-T2 } +ri6«*U8«igi.*P!8*»fc.**Ha*(!M#g3* t'XS*.f Hi )/<■ S4*X .T8*.T*0*U4;j,. 

%um+Hr. ’"v„- •«*. 

RS • 3^34.»(2>'>35Ba77o».Te)6*5)/(10A2.> »<g. Q33»(1770gfgM/{;i0f,^) ■ .7 : 


n> 

, - - 

1»3* ►'3962«4#R5 

1'3-Si U?,* .2419*10* (3« 41921*155.931 7 < TB+S73 >» 1. 61506et9S10 (T54-273 > i 
_XjL3?m 'J1«U1/3 6C0 

5.322 *•• •• '* - 

■1*323 


1‘ 


Pis tlJ.47*M3*2>/(Ri)*({£6.6')Tll3*UlA*25)/ (W3 a»8S 

El®(( (PQ»P 3 +Dl)»RU/<-. 0347 *M 3 *,Q 0274 «Rn U »5 

324 U2H.2419*iO»< .34005*205. 902/T»*.S7958»L8S10 TV? ' 


>> 


FuWW. va * 62 / 3*00 

1,1*325 D3fl4.?l4lS4*U2*.a5*KS«i.75/R5*3*46*lt3*Hi|-a.a^RSi2.,34*lE<fr*y8* 

{K .g5« M.l*l. 7o/35 . _ _____ _ ■ ■ : 

1 » 3"2^~" Dgo02/S2 *4. .. 

1.33 E2s( ( (PO*P3-»D2)*R3)/{"»397*M84i002c»R3 ) Ja.5 

l*34Ql*(4.5«EU1.72)/< 10*4 > 

r 1.341 02s ( 1*39*62* 1.72)/ (it4) . ' ’ ,;;*,■■■ ’* ... .. r , 

1*342 X8* ( P7*C2 1* { *2*C1 «C3#H7 )/(M8> c : v • 

1*34 3 x 3*T g. 1 0 0 *1 . C 5S»(Q g)/ t ( M3*C2l » {Mg*Cl»C3') V ; ' ■ ■ ' ’ 

1 • 3"S - 'g2 «{I.39*E2*1*72)/(1Q*4! 

1*351 L5«147*12#(1» (T5+273) /( 2043) )*.3547 

1 * 3 5 £ L 6 » \ 

: 1*353 C5» l ? 0577"* ti*2l52*r5/lE4)*{ (S.3**»#T5*2 )/l£8 1 'v w- 
1*354 C6»;C6S4-»(8'*032i.T5)/XE5*(7«996#T£*2]/iE8 ■ 

1.355 X 6« Tl»a/t a*A31 ** i R2*M 1 »Ci ))>>*( A3/( 1 *A3 )'}»■( (1 / ( R5» 1 1»C 1 1 iUl 
) ) « 1 U6/C5 ) ♦ ( (C6/(R2*(i-Cl )«C5» ) + <Cl/((l™Cl ) »C5) ) > » ( T1-X3 ) 

1 * 36 G3i>.947*M3»C5*{X6«Ti* 03)”Q1 
1*36 1 t3»Ul . 2 2»Q31o.5 


Mr* 9 * i?4*S4«A£* ( { T14480 J'*4 *> ( X 1 *460144!/ ( Hl*i £8 ) -j,': 
X8»< M7*C8 ) * ( M2#Cl*C3»M7)/( (58» W> ' *. ,: .... V • V 


. 1 ? 
► 3Q 


n 

• i 


J^3g . X 38Tg»lO O»oa /Xg 


i?4C X^?)T6^J00 
1*^1 Q5pX 2#<X3*X^)»8947 
J*/*a Q6 s Q»/3413 


n .4 3 , C7 no* iS ?- • 

: 1*431 V?1 / C » <K)84#M«4 «438*i 00084^W~-^ -'v 
X6 g(Q7»g5>*(34i3?/(»6S54UP' 1 : 
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Cs-Li LOOP PERFORMANCE PROGRAM ( contd) 


F»433 Mgpi “ 

1*434 X7«(Q7*!3S)«(.947!/i *2UM9| 


X3g(QS»»3#7)/t »21«H9) 

iU*3* X9a.{X7)/U9Q(l/(J»(X7}/(.T2W3»X3>V! -» -> 

Sji»437, H$ w IP ASS < < X9- xfe i /X6 » >*fll THEtii : fo-fcfo* MZ2M l 
IF A8S! (XS«X6i/X6U*0i THEN M9 ELSE M9 
i»438 T9 STsP i«434 IF ABSUX9»X3)/X6i > *01 
1.4-33 I 9 44 * 74 


l*n TYPE £t>E2*E3/P0*P3/Tlf T2/03#C2jih4.»L2 
1*4H TYPE Kb 

J jMZ V7»g93Q«H7/R3 

*1*443 Kb92S0* { PQ«P3 ) / < R3*V7*3) ' 'v,. ■> ; 

! i« 444 ' N»34 »&,/ka»5 s ". '■*! 

1*445 Type N/K9;X7/XaiI \ 

1*45 TYPE H1,M2/M3/H5*M6/H7iM8 
1*46 TYPE G1*G2>Q3'QS/Q6«Q7 

i » 46 1 type oi»pg ■ ___ 

1*47 TB STEP 1.00 ■ ' • . : 
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